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/LQHDUO\ 3RODUL]HG (OHFWUROXPLQHVFHQFH IURP ,RQLF ,ULGLXP
&RPSOH[EDVHG0HWDOORPHVRJHQV7KH(IIHFWRI$OLSKDWLF&KDLQ
RQ7KHLU3KRWRSK\VLFDO3URSHUWLHV 
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$EVWUDFW 
'LUHFWO\ SRODUL]HG RUJDQLF OLJKW HPLWWLQJ GLRGHV 2/('V KDYH WKH SRWHQWLDO WR
VLJQLILFDQWO\ LPSURYH WKH HIILFLHQF\ DQG UHGXFH WKH FRVW RI OLTXLGFU\VWDO GLVSOD\V
/&'VDPRQJRWKHUDSSOLFDWLRQV+RZHYHU IOXRUHVFHQW OLTXLGFU\VWDOVDUHFXUUHQWO\
XVHGWRDFKLHYHWKLVZKLOHSKRVSKRUHVFHQWHPLWWHUVZRXOGIXUWKHULPSURYHHIILFLHQF\
7RWKLVHQGWKHPHWDOORPHVRJHQVEDVHGRQLRQLF LULGLXPFRPSOH[HVEHDULQJGLIIHUHQW
DOLSKDWLF FKDLQV VXEVWLWXHQW QDPHG D DQG E ZHUH GHVLJQHG DQG SUHSDUHG LQ WKLV
FRQWULEXWLRQ %RWK LULGLXP FRPSOH[HV VKRZHG VPHFWLF PHVRSKDVH HYLGHQFHG E\
GLIIHUHQWLDOVFDQQLQJFDORULPHWU\SRODUL]HGRSWLFDOPLFURVFRS\DQG;UD\GLIIUDFWLRQ
'HHSUHGHPLVVLRQZDVREVHUYHGIRUWKHLULGLXPFRPSOH[HVLQVROXWLRQDQGVROLGVWDWH
DQG FRPSOH[ D FOHDUO\ SUHVHQWHG DJJUHJDWLRQLQGXFHG HPLVVLRQ $,( EHKDYLRU LQ
7+)ZDWHUVROYHQWPL[WXUHNon-doped polarized OLEDs employing complex 7a or 
7b as emitter were fabricated and direct linearly polarized electroluminescence with a 
polarization ratio of 4 was achieved, which is the highest ratio reported for 
metallomesogens-based phosphorescent OLEDs. ,PSRUWDQWO\ WKH FKRLFH RI OLQNHU
EHWZHHQWKHFRUHFRPSOH[DQGPHVRJHQLFSHQGHQWJURXSVLVNH\WRDFKLHYHGLVWLQFWLYH
SRODUL]DWLRQRIHOHFWUROXPLQHVFHQFHDQG$,(These results are a first step towards the 
development phosphorescent OLEDs able to efficiently produce polarized 
electroluminescence. 
.H\ZRUGV 
0HWDOORPHVRJHQV ,ULGLXP FRPSOH[ 'HHSUHG HPLVVLRQ $JJUHJDWLRQLQGXFHG
HPLVVLRQ3RODUL]HGHOHFWUROXPLQHVFHQFH 
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,QWURGXFWLRQ 
6LQFH WKH GHPRQVWUDWLRQ RI OLQHDUO\ SRODUL]HG HOHFWUROXPLQHVFHQFH (/ IURP DQ
RULHQWHG SRO\PHU E\ '\UHNOHY HW DO OXPLQHVFHQW OLTXLG FU\VWDOV KDYH DWWUDFWHG
LQFUHDVHGDWWHQWLRQ IRUDSSOLFDWLRQV LQRUJDQLF OLJKWHPLWWLQJGLRGHV2/('V7KH
PDLQ LQFHQWLYH LV WKH SURPLVH RI SRODUL]HUIUHH GHYLFHV ZKLFK ZRXOG LPSURYH WKH
HIILFLHQF\DQGUHGXFHWKHFRVWRIEDFNOLJKWVIRUOLTXLGFU\VWDOGLVSOD\V/&'V 
,Q RUGHU WR UHDOL]H SRODUL]HG (/ QXPHURXV HIIRUWV KDYH EHHQ GHYRWHG WR WKH
SUHSDUDWLRQ RI OXPLQHVFHQW OLTXLG FU\VWDOV EDVHG RQ IOXRUHVFHQW VPDOO PROHFXOHV
ROLJRPHUVDQGSRO\PHUVE\FRPELQLQJIOH[LEOHDOLSKDWLFFKDLQVZLWKULJLGSKRWRDFWLYH
XQLWVLQSDUWLFXODUIOXRUHQH:KLOHWKHIXOOUDQJHRIFRORUVLQFOXGLQJZKLWHDQGKLJK
SRODUL]DWLRQ UDWLR ! DUH REWDLQHG ZLWK VXFK PDWHULDOV WKH LQWULQVLF VLQJOHWRQO\
KDUYHVWLQJ DELOLW\ RI IOXRUHVFHQW PDWHULDOV LV DQ LPSRUWDQW OLPLWDWLRQ IRU WKH
GHYHORSPHQWRIKLJKO\HIILFLHQWSRODUL]HG2/('V 
3KRVSKRUHVFHQW2/('VFDQEHVLJQLILFDQWO\PRUHHIILFLHQWWKDQIOXRUHVFHQW2/('V
GXHWRWKHDELOLW\WRKDUYHVWERWKVLQJOHWDQGWULSOHWH[FLWRQV+HQFHWKHLQWURGXFWLRQ
RIKHDY\PHWDOVLQWROLTXLGFU\VWDOOLQHPDWHULDOVSKRVSKRUHVFHQWPHWDOORPHVRJHQVLV
DSURPLVLQJVWUDWHJ\WRGHYHORSKLJKO\HIILFLHQWSRODUL]HG2/('V3ODWLQXPFRPSOH[HV
DUH SDUWLFXODUO\ DWWUDFWLYH FDQGLGDWHV EHFDXVH RI WKHLU IDYRUDEOH SKRVSKRUHVFHQFH
SURSHUWLHVWKDWIDYRUKLJKHIILFLHQF\(/DQGWKHVTXDUHSODQDUJHRPHWU\WKDWIDYRU
WKH IRUPDWLRQ RI OLTXLG FU\VWDOOLQH PDWHULDOV /LX HW DO KDYH UHSRUWHG OLQHDUO\
SRODUL]HG (/ EDVHG RQ D OLTXLGFU\VWDOOLQH SODWLQXP FRPSOH[ GRSHG LQWR DQ
ROLJRIOXRUHQHPDWUL[7KHGHYLFHGLVSOD\HGFXUUHQWHIILFLHQF\XSWRFG$±ZLWK
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PD[LPXPOXPLQDQFHH[FHHGLQJFGP±EXWZLWKDSRODUL]DWLRQUDWLRRIRQO\a
+RZHYHUWKHVTXDUHSODQDUVWUXFWXUHRISODWLQXPFRPSOH[LVRIWHQOLDEOHWRIRUPDWLRQ
RI DJJUHJDWHV ZKLFK DQG OHDG WR DJJUHJDWLRQFDXVHG TXHQFKLQJ RI HPLVVLRQ LQ
FRQFHQWUDWHGVROXWLRQDQGQHDWILOP7KHUHIRUHSKRVSKRUHVFHQWOLTXLGFU\VWDOPDWHULDO
ZLWKLQWHQVHHPLVVLRQLQFRQFHQWUDWHGVWDWHLVDQRQJRLQJFKDOOHQJH 
7KHPRVWFRPPRQVWUDWHJ\WRLQFUHDVHHPLVVLRQLQWHQVLW\LQFRQFHQWUDWHGVWDWHLVWR
JUDIW EXON\ JURXSV RQWR WKH HPLVVLYH FRUH WR UHGXFH GHWULPHQWDO LQWHUPROHFXODU
LQWHUDFWLRQV 7R IDYRU WKH IRUPDWLRQ RI /& SKDVHV SURPHVRJHQLF IUDJPHQWVRU
IOH[LEOH FKDLQV DUH XVHG DV VWHULFDOO\ KLQGHULQJ PRLHWLHV DQG IRU H[DPSOH
VXFFHVVIXOO\JHQHUDWHGOLTXLGFU\VWDOVEDVHGRQQRQPHVRJHQLFFRUHVVXFKDVIXOOHUHQH
DQGPHWDOFOXVWHU+RZHYHUIHZWKHVHOLTXLGFU\VWDOOLQHZLWKVWHULFVWUXFWXUHVKRZHG
D VDWLVILHG HPLVVLYH SURSHUW\ LQ WKH YLVLEOH OLJKW UHJLRQ &\FORPHWDODWHG LULGLXP
FRPSOH[HV ZLGHO\XVHGDVKLJKO\HIILFLHQW2/('VHPLWWHUVEXWZLWKDQRFWDKHGUDO
VWUXFWXUHXQIDYRUDEOH WRWKH IRUPDWLRQRI/&SKDVHVFDQDOVREHQHILW IURPWKHVDPH
DSSURDFK WR GHYLVH HIILFLHQW SKRVSKRUHVFHQW PHWDOORPHVRJHQV  <HW VXFK
F\FORPHWDODWHGLULGLXPFRPSOH[HVKDYHQHYHUEHHQXVHGIRUGLUHFWO\SRODUL]HG(/7KLV
LV DWWULEXWHG WR WKHLU TXDVLVSKHULFDO VWUXFWXUH LPSHGLQJ WKH DQLVRWURSLF DOLJQPHQW RI
WUDQVLWLRQGLSROHPRPHQWVQHFHVVDU\IRUSRODUL]HGHPLVVLRQ 
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&KDUW6WUXFWXUDOHYROXWLRQVRILULGLXPFRPSOH[EDVHGPHWDOORPHVRJHQV 
,QRXURQJRLQJHIIRUWVWRWKHLQYHVWLJDWHLULGLXPFRPSOH[EDVHGPHWDOORPHVRJHQVWR
DFKLHYHSRODUL]HG(/ZHSUHSDUHGWZRQHZLRQLFOLTXLGFU\VWDOOLQHLULGLXPFRPSOH[HV
DE LQ 6FKHPH  E\ JUDIWLQJ KLJKO\ PHVRJHQLF GLIOXRUR

SHQW\OF\FORKH[\OELSKHQ\O PRLHWLHV RQWR D ELS\ULGLQH DQFLOODU\ OLJDQG &RPSDUHG WR
RXUSUHYLRXVZRUN&KDUWKHUHLQZHLQWURGXFHGDGGLWLRQDOPHVRJHQLFXQLWVRQWR
WKHLULGLXPFRUHWRHQKDQFHLWVRUJDQL]DWLRQLQWKHQHDWILOP7RLQYHVWLJDWHWKHVWUXFWXUH
SURSHUW\RI WZRSKRVSKRUHVFHQWPHWDOORPHVRJHQVGLIIHUHQW OLQNHUVEHWZHHQWKHFRUH
FRPSOH[DQGWKHPHVRJHQLFJURXSVZHUHGHVLJQHG,QFRPSOH[DWKHOLQNHUEHWZHHQ
WKHFRUHFRPSOH[DQGWKHPHVRJHQLFJURXSVLVDOLSRSKLOLFKH[\OFKDLQZKLOHLQEWKH
OLQNHULVDK\GURSKLOLFWULHWK\OHQHJO\FROFKDLQ%RWKF\FORPHWDODWHGLULGLXPFRPSOH[HV
EDVHGPHWDOORPHVRJHQVSUHVHQWHGGLVWLQFWSKRWRSK\VLFDOSURSHUWLHV&RPSOH[DUDWKHU
WKDQ E VKRZHG D FOHDUO\ $,( SURSHUW\ LQ 7+)+2 PL[WXUH ,GHQWLFDOO\ WKH
PRGLILFDWLRQRI OLQNHUVKDVD WUHPHQGRXV LPSDFWRQWKHLUDELOLW\WRGLVSOD\SRODUL]HG
(/ 
 
([SHULPHQWDO6HFWLRQ 
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*HQHUDOLQIRUPDWLRQ 
$OO UHDJHQWV ZHUH SXUFKDVHG IURP $OGULFK DQG 9:5 DQG XVHG DV UHFHLYHG
&RPSRXQGVDDQGDZHUHV\QWKHVL]HGDVSUHYLRXVO\UHSRUWHG$OOUHDFWLRQV
DQGPDQLSXODWLRQVZHUHFDUULHGRXWXQGHU$UDWPRVSKHUHZLWKWKHXVHRIVWDQGDUGLQHUW
DWPRVSKHUHWHFKQLTXHV1H NMR spectra were measured in CDCl3 solution on a Bruker 
DPX (300 MHz and 400 MHz) NMR spectrometer with tetramethylsilane (TMS) as the 
internal standard. Mass spectra (MS) were recorded on a Bruker Autoflex TOF/TOF 
(MALDI-TOF) instrument using dithranol as a matrix. UV-vis absorption spectroscopy 
was measured by Shimadzu UV-265 spectrometer at room temperature. Luminescence 
spectra were recorded on RF-5301 PC (Perkin Elmer) at room temperature in 
dichloromethane (10±5 M, uncorrected spectra). Birefringence phenomenon was 
observed and recorded by polarizing optical microscope (POM, Olympus, BH-2), with 
a hot stage (Mettler, FP80HT) and controller (Mettler, FP80HT). 'LIIHUHQWLDOVFDQQLQJ
FDORULPHWU\ '6&ZDVFDUULHGRXW WRHYDOXDWH WKHShase transition temperatures and 
enthalpies of iridium complexes using a DSC Q10 calorimeter under N2 atmosphere 
with heating and cooling rate 10 oC/min. Thermal gravimetric analysis (TGA) was 
carried out using a TQAQ-50 instrument with heating rate as 20 oC/min under N2 
atmosphere. X-ray diffraction was measured by Bruker D8 Discover diffractometer 
with a 2D Vantec detector. Sample is mounted in a capillary in a bespoke heating 
environment-a hollow graphite furnace-with temperature control via an Eurotherm 
controller.  
Procedure for SEM sample 
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Scanning electron microscopy (SEM) images were recorded using JEOL-7000 SEM 
instruments. As for the SEM sample, we firstly cleared the substrate which is the copper 
sheet. Secondly, the THF/H2O mixture solution was dropped upon the copper sheet. 
After the solution volatilized at room temperature, the sample was then dried by the 
vacuum pump at room temperature. 
'HYLFHVIDEULFDWLRQDQGFKDUDFWHUL]DWLRQ 
$OD\HURISRO\HWK\OHQHGLR[\WKLRSKHQHSRO\VW\UHQHVXOIRQDWH3('27366
ZDVVSLQFRDWHGRQWKH,72JODVVVXEVWUDWHDIWHU89R]RQHWUHDWPHQW$IWHUEDNLQJRI
3('27366DW&IRUPLQDQRWKHUOD\HURISRO\1YLQ\OFDUED]ROH39.ZDV
VSLQFRDWHGGLUHFWO\DQGWKHQEDNHGDW&IRUDQRWKHUPLQ,QRUGHUWRREWDLQ
SRODUL]HGHPLVVLRQZHWUHDWHGWKHHPLWWLQJOD\HUYLDGLIIHUHQWPHWKRGVVHHEHORZDIWHU
VSLQFRDWLQJ RI WKH FRPSOH[HV RQWR WKH KROH WUDQVSRUWLQJ OD\HU 39.$Q HOHFWURQ
WUDQVSRUWLQJ OD\HU RI ELVGLS\ULG\OSKHQ\OPHWK\OS\ULPLGLQH
%3<030 ZDV WKHUPDOO\ HYDSRUDWHG RQ WKH HPLWWLQJ OD\HU$OO WKH GHYLFHV ZHUH
HQFDSVXODWHG XQGHU D QLWURJHQ DWPRVSKHUH XVLQJ 89 FXUDEOH HSR[\ 7KH FXUUHQW
YROWDJHOXPLQDQFH FKDUDFWHULVWLFV ZHUH FROOHFWHG ZLWK D 35 6SHFWUDVFDQ
VSHFWURPHWHU DQG D .HLWKOH\  SURJUDPPDEOH VRXUFH PHWHU 7KH SRODUL]HG (/
VSHFWUDZHUHUHFRUGHGE\DQ2FHDQ2SWLFV86%VSHFWURPHWHU7KH(/LQWHQVLWLHV
SDUDOOHO DQG SHUSHQGLFXODU WR WKH UXEELQJ GLUHFWLRQ DORQJ WKH ,72 VWULSH FRXOG EH
GLVWLQJXLVKHG E\ DOLJQLQJ D OLQHDU SRODUL]HU LQVHUWHG EHWZHHQ WKH 2/('V DQG WKH
VSHFWURPHWHUDWWZRPXWXDOO\SHUSHQGLFXODUGLUHFWLRQVZKLFKZHUHGHQRWHGDV+RUDQG
9HU  
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 7R IXUWKHU H[SORUH WKH HIIHFW RI DOLJQPHQW RQ WKH SRODUL]HG HPLVVLRQ GLIIHUHQW
DOLJQPHQWPHWKRGVZHUHWHVWHGIRUWKHDFWLYH OD\HU$IWHUVSLQFRDWLQJWKH LULGLXP
FRPSOH[RQWR39.OD\HUWKHHPLVVLYHOD\HUZDVKHDWLQJWROLTXLGFU\VWDOOLQHVWDWHDQG
WKHQ DQQHDOLQJ IRU  PLQ D R& E R& WKH VDPH EHORZ 7KH GHYLFHV
FRQILJXUDWLRQVDUH'HYLFH,,723('27366QP39.QPLULGLXPFRPSOH[
 QP&DQP $O QP 'HYLFH ,, ,723('27366 QP39.
QPLULGLXPFRPSOH[QP%<030QP&DQP$OQP&RPSDUHG
WR'HYLFH,'HYLFH,,KDVDQDGGLWLRQDOHOHFWURQWUDQVSRUWLQJOD\HU,QWKLVSURFHGXUH
WKH KROH WUDQVSRUWLQJ OD\HU RI39. ZDVXVHG DV WKH DOLJQPHQW OD\HU7KH39.ZDV
UXEEHGDWR&ZLWKDGXVWOHVVFORWKIRULWVVXUIDFHDOLJQPHQWLQRQHGLUHFWLRQWKH
IDEULFDWLRQSURFHGXUHIRU39.LVDERYH7KHQWKHLULGLXPFRPSOH[ZDVVSLQFRDWHG
RQWR 39. OD\HU 7KH LULGLXP FRPSOH[ ZDV KHDWHG WR OLTXLG FU\VWDOOLQH VWDWH DQG
DQQHDOLQJ7KHGHYLFHFRQILJXUDWLRQLV'HYLFH,,,,723('27366QP39.
QPUXEEHGLULGLXPFRPSOH[QP%<030QP&DQP$OQP
,Q WKLV PHWKRG WKH LULGLXP FRPSOH[HV ZHUH KHDWHG WR OLTXLG FU\VWDO VWDWH DQG WKHQ
GLUHFWO\UXEEHGZLWKWKHGXVWOHVVFORWKDIWHUWKH\ZHUHVSLQFRDWHGRQWR39.OD\HU7KHQ
WKHLULGLXPFRPSOH[ZDVDQQHDOLQJWKHWHPSHUDWXUHLVVDPHZLWKDERYH7KHGHYLFH
FRQILJXUDWLRQLV'HYLFH,9,723('27366QP39.QPLULGLXPFRPSOH[
QPUXEEHG%<030QP&DQP$OQP 
6\QWKHVLVRI   
$ PL[WXUH RI   J  PPRO ELVSWRV\OR[\HWKR[\HWKDQH  J 
PPRO.&2JPPRO.,JPPRODQGDFHWRQLWULOHP/ZDV
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UHIOX[HGXQGHUDUJRQIRUKRXUV$IWHUFRROLQJWRURRPWHPSHUDWXUHWKHVROYHQWZDV
UHPRYHG XQGHU UHGXFHG SUHVVXUH DQG WKH UHVLGXH ZDV SXULILHG E\ VLOLFD JHO FROXPQ
FKURPDWRJUDSK\KH[DQHHWK\ODFHWDWH WRREWDLQDVDZKLWHVROLGJ
+ 105&'&O0+]įG- +]+GG- +]+]
+P+WG- +]+]+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ELS\ULGLQH
GLFDUERQ\OGLFKORULGH(W1&+&OUHIOX[RYHUQLJKWI
SKHQ\OS\ULGLQH ,U&O+2 HWKR[\OHWKDQRO+2    R& RYHUQLJKW J SS\,U&O D RU E .3)
0H2+&+&OUHIOX[RYHUQLJKW 
6FKHPH6\QWKHWLFURXWHVRIFRPSOH[HVDDQGE 
7KHV\QWKHVLVRIDE LVGHSLFWHG LQ6FKHPH&RPSRXQGDDQGDZHUH
SUHSDUHGDFFRUGLQJWROLWHUDWXUHSURFHGXUHV&RPSRXQGVDQGZHUHREWDLQHGYLD
HWKHULILFDWLRQ XVLQJ .&2 LQ DFHWRQH VROXWLRQ LQ JRRG \LHOG ± 7KH
FRPPHUFLDOO\DYDLODEOHHWK\OWULK\GUR[\EHQ]RDWHUHDFWHGZLWKLQWHUPHGLDWHRU
 WR JLYH FRPSRXQGV DE DOVR E\ DQ HWKHULILFDWLRQ UHDFWLRQ 6XEVHTXHQWO\ D
UHGXFWLRQ RI FRPSRXQG DE XVLQJ /L$O+ LQ GU\ 7+) DW URRP WHPSHUDWXUH
TXDQWLWDWLYHO\ DIIRUGHG FRPSRXQGV DE 7KH ELS\ULGLQH OLJDQGV DE ZHUH
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V\QWKHVL]HG YLD FRQGHQVDWLRQ EHWZHHQ DE DQG 
ELS\ULGLQH
GLFDUERQ\O
GLFKORULGH LQ GLFKORURPHWKDQH LQ WKH SUHVHQFH RI WULHWK\ODPLQH )LQDOO\ WKH
FRPSOH[DWLRQUHDFWLRQEHWZHHQDEDQGWKHSKHQ\OS\ULGLQHEDVHGFKORUREULGJHG
LULGLXP GLPHU DIIRUGHG WKH WDUJHW LULGLXP FRPSOH[HV DE ZKLFK VWUXFWXUHV ZHUH
FRQILUPHGYLD+DQG&^+`105VSHFWURVFRS\0$/',06DQGHOHPHQWDODQDO\VLV
(6, 
7KHUPDOSURSHUWLHV 
7KHWKHUPDOSURSHUWLHVRIWKHFRPSOH[HVZHUHLQLWLDOO\VWXGLHGE\thermogravimetric 
analysis 7*$ )LJXUH 6 GLIIHUHQWLDO VFDQQLQJ FDORULPHWU\ '6& )LJXUH 6 DQG
SRODUL]LQJRSWLFDOPLFURVFRSH 320)LJXUH6 DQG WKH UHOHYDQW GDWD DUH JLYHQ LQ
7DEOH  
7DEOHD7KHUPDOSURSHUWLHVRIFRPSOH[HVDDQGE 
&RPSOH[HV 7G& 3KDVHWUDQVLWLRQWHPSHUDWXUHǻ+-J 
D  &U&U6P$, 
&U6P$, E  
D6FDQUDWH&PLQ±7UDQVLWLRQWHPSHUDWXUHVIURPWKH'6&SHDNVRQVHFRQGKHDWLQJ3KDVHQRPHQFODWXUH
&U&U FU\VWDO6P VPHFWLFPHVRSKDVH, LVRWURSLFOLTXLG 
%HIRUH H[SORULQJ WKH PHVRPRUSKLF SURSHUW\ RI WKH LULGLXP FRPSOH[HV 7*$
PHDVXUHPHQW ZDV FDUULHG RXW WR HYDOXDWH WKHLU WKHUPDO VWDELOLW\ 1RWDEO\ ERWK
FRPSOH[HVVKRZJRRGWKHUPDOVWDELOLW\ZLWKWKHGHFRPSRVLWLRQWHPSHUDWXUHRIR&
DQG  R& IRU D DQG E DW  ZHLJKW ORVV UHVSHFWLYHO\ 7KHQ '6& DQG 320
PHDVXUHPHQWVZHUHFDUULHGRXWWRLQYHVWLJDWHWKHWKHUPRWURSLFEHKDYLRURIERWKLULGLXP
FRPSOH[HV$VGHSLFWHG LQ )LJXUH6DD VKRZV VHYHUDO UHYHUVLEOH SKDVH WUDQVLWLRQ
SHDNVRQKHDWLQJDQGFRROLQJSURFHVVHV LQ WKHUDQJHRIURRPWHPSHUDWXUHWRR&
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DVVLJQHGWRFU\VWDOFU\VWDOFU\VWDOOLTXLGFU\VWDODQGOLTXLGFU\VWDOLVRWURSLFOLTXLGVWDWH
UHVSHFWLYHO\)RU WKH'6&WUDFHRIE )LJXUH6E WKH WUDQVLWLRQDW R& LV IURP
FU\VWDOWRPHVRPRUSKLFSKDVHRQWKHVHFRQGKHDWLQJF\FOHZKLOHLWLVDQLVRWURSLFIOXLG
DERYHR&&RUUHVSRQGLQJO\WZRUHYHUVLEOHH[RWKHUPLFSHDNVDUHDOVRREVHUYHGXSRQ
FRROLQJSURFHVVHV&RPSDUHGWRDESRVVHVVHVFOHDUO\GHFUHDVHGERWK WKHPHOWLQJ
SRLQWDQGFOHDULQJSRLQWGXHWRWKHWULHWK\OHQHJO\FROVXEVWLWXHQW$FFRUGLQJWRWKH'6&
UHVXOWV320ZDV PHDVXUHG WR LQYHVWLJDWH WKHPHVRPRUSKLF EHKDYLRU%RWK LULGLXP
FRPSOH[HVSUHVHQWFOHDUELUHIULQJHQFHWH[WXUHXSRQFRROLQJSURFHVVLQJIURPLVRWURSLF
SKDVH D W\SLFDO FKDUDFWHULVWLF RI PHVRSKDVH )LJXUH 6 (VSHFLDOO\ FRPSOH[ E
SUHVHQWHGH[FHOOHQWIOXLGLW\ZKHQLWZDVVKHDUHGLQWKHPHVRPRUSKLFVWDWH)LJXUH6  
 
 
)LJXUH':$;6SDWWHUQRIEDWD&E&F&DQGWKHFRUUHVSRQGLQJ
HTXDWRULDOLQWHJUDWLRQ 
7R IXUWKHU FRQILUP WKHPHVRPRUSKLFVWDWH WDNLQJ E DVDQH[DPSOH WHPSHUDWXUH
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GHSHQGHQW;UD\GLIIUDFWLRQ;5'ZDVFDUULHGRXW$VVKRZQLQ)LJXUHFRPSOH[E
VKRZVDQRUGHUHGFU\VWDOVWUXFWXUHDWURRPWHPSHUDWXUHZKLFKSUHVHQWVDYHU\VWURQJ
UHIOHFWLRQSHDNZLWKWZRZHDNUHIOHFWLRQSHDNVDWORZDQJOHUHJLRQ:KHQKHDWLQJWR
R& WKH;5'SDWWHUQGLVSOD\VQRWKLQJH[FHSWDEURDGVFDWWHUSHDN LQVPDOODQJOH
UHJLRQ LPSO\LQJ LVRWURSLF OLTXLG8SRQFRROLQJ IURPWKH LVRWURSLF OLTXLG)LJXUHF
R&WKH;5'SDWWHUQIRUEVKRZVRQHVKDUSDQGLQWHQVHUHIOHFWLRQFHQWHUHGDWT
    c DQG D ZHDN UHIOHFWLRQ DW T     c 7KH UDWLR RI WKHLU
UHFLSURFDOGVSDFLQJLVDQGWKH\DUHLQGH[HGDVWKHDQGUHIOHFWLRQVRID
VPHFWLFSKDVH$EURDGUHIOHFWLRQZDVREVHUYHGDWT cZDVDVVLJQHGWR
SRRUO\FRUUHODWHGVHSDUDWLRQRILULGLXPDWRPVDVUHSRUWHGSUHYLRXVO\IRUQHXWUDOLULGLXP
FRPSOH[HV)LQDOO\DZHDNHUEURDGUHIOHFWLRQZDVREVHUYHGDWT cDQG
DWWULEXWHGWRPROWHQDON\OFKDLQVDQGWULHWK\OHQHJO\FROFKDLQV 
3KRWRSK\VLFDOSURSHUWLHV 
 
)LJXUH89YLVVSHFWUDRIDEODFNDQGEUHGLQ&+&ODWURRPWHPSHUDWXUH0
,QVHW]RRPLQWRWKHQPUHJLRQ0 
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7DEOH3KRWRSK\VLFDOFKDUDFWHUL]DWLRQRILULGLXPFRPSOH[HVDDQGE 
&RPSRXQGV  D89YLV 
QP 
(PLVVLRQ 
QP 
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 
D0HDVXUHG LQ&+&O0VROXWLRQDWURRPWHPSHUDWXUHEH([FLWDWLRQZDYHOHQJWKȜ 
QPPHDVXUHGLQGHJDVVHG&+&O0VROXWLRQDWURRPWHPSHUDWXUHF0HDVXUHGLQQHDWILOP
G0HDVXUHG LQ &+&O VROXWLRQ DW URRP WHPSHUDWXUH XVLQJ >,USLTDFDF@ DV UHIHUHQFH UHI
IPHDVXUHGLQQHDWILOPDIWHUGHJDVVHGJ0%X13)LQ&+&OYV1+(DWDVFDQUDWHRI
P9V7KHSRWHQWLDODUHFRUUHFWHGYV6&(K&DOFXODWHGIURPWKHFURVVSRLQWRI89DQG3/VSHFWUD
(J ȜFURVVSRLQWM+202HQHUJ\HVWLPDWHGIURPWKHIROORZLQJUHODWLRQVKLS+202H9 
H9±H(R[L/802HQHUJ\HVWLPDWHGIURPWKHIROORZLQJUHODWLRQVKLS/802H9 +202
(J 
%RWKLULGLXPFRPSOH[HVVKRZWKHVDPHHOHFWURQLFDEVRUSWLRQVSHFWUDLQ&+&O±
0DWURRPWHPSHUDWXUH)LJXUH7KUHHZHOOUHVROYHGDEVRUSWLRQEDQGVEHWZHHQ
QPDQGQPDUHREVHUYHG7KHDEVRUSWLRQEDQGVORFDWHGDWDERXWQPZLWKKLJK
PRODUH[WLQFWLRQFRHIILFLHQW İ̚ î0±FP±DUHDWWULEXWHGWRVSLQDOORZHG
OLJDQG ʌʌ WUDQVLWLRQV RI WKH OLJDQGV DQG RI WKH ELSKHQ\O PHVRJHQLF JURXSV 7KH
PRGHUDWHO\LQWHQVHDEVRUSWLRQEDQGVLQWKHUDQJHRIQPİ̚ î0±
FP± DUH DVVLJQHG WR PL[HG PHWDOWROLJDQG DQG OLJDQGWROLJDQG EHWZHHQ
SKHQ\OS\ULGLQH DQG ELS\ULGLQH OLJDQG FKDUJHWUDQVIHU WUDQVLWLRQV ODUJHO\ RI VLQJOHW
FKDUDFWHUZKLOH WKHZHDN DEVRUSWLRQEDQG DW DERXW  QP İ̚ 0±FP± LV
ODUJHO\RIWULSOHWFKDUDFWHU 
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)LJXUH(PLVVLRQVSHFWUD0RIDEODFNLQ&+&OEOXHQHDWILOPDQGEUHGLQ
&+&OPDXYHQHDWILOP 
8SRQ H[FLWDWLRQ DW Ȝ    QP RI &+&O VROXWLRQV ERWK FRPSOH[HV H[KLELW UHG
HPLVVLRQZLWK D PD[LPXP HPLVVLRQSHDN DW  QP )LJXUH DE SRVVHVV ORZ
OXPLQHVFHQWTXDQWXP\LHOGRIDQGVLPLODUHPLVVLRQGHFD\WLPHVRIDQG
QV7DEOH7KHVHYDOXHVDUHLGHQWLFDOZLWKLQH[SHULPHQWDOHUURUDQGDUHWKHVDPHDV
WKH SDUHQW FRPSOH[ ZLWKRXW PHVRJHQLF JURXSV >,USS\GHHE@>3)@ 7KLV
GHPRQVWUDWHVWKDWWKHPHVRJHQLFJURXSVDQGWKHOLQNHUVKDYHQRVLJQLILFDQWLPSDFWRQ
WKHSKRWRSK\VLFDOSURSHUWLHVRIDE,QWHUHVWLQJO\WKHHPLVVLRQRIDELQQHDWILOPV
LVVOLJKWO\EOXHVKLIWHGQP)LJXUH LQFRQWUDVWWRWKHXVXDOEHKDYLRURI LRQLF
LULGLXP FRPSOH[HV 7KLV SDUWLFXODU HIIHFW LV DWWULEXWHG WR WKH SHQGDQW PHVRJHQLF
JURXSVWKDWDFWDVDPROHFXODUKRVWGHFUHDVLQJLQWHUDFWLRQVEHWZHHQWKHFRUHFRPSOH[HV
$GGLWLRQDOO\FRPSOH[DVKRZHGPXFKEULJKWHUHPLVVLRQWKDQWKDWLQVROXWLRQZKLFK
LV VLPLODU ZLWK WKH$,( SKRVSKRUHVFHQW PDWHULDOV EDVHG RQ ERWK LRQLF DQG QHXWUDO
LULGLXPFRPSOH[HV7KHUHIRUHWKLVDEQRUPDOSKHQRPHQRQSUREDEO\LQGLFDWHVWKDW
WKDWWKHVHNLQGRILULGLXPFRPSOH[HVFRXOGEH$,(DFWLYHPROHFXOHV 
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)LJXUHD3KRWRJUDSKRID±0LQ7+)ZDWHUPL[WXUHVZLWKGLIIHUHQWYROYDOXHVIURPOHIW
WRULJKWIZDQGVROLGWDNHQXQGHU89LOOXPLQDWLRQ
DW QP E (PLVVLRQ VSHFWUD RI D LQ7+)ZDWHU PL[WXUHV ȜH[  QP F &KDQJH LQ 3/
LQWHQVLW\RIDEOXHEUHGDQGSDUHQWFRPSOH[>,USS\GHHE@>3)@JUHHQ 
,QRUGHUWRGHPRQVWUDWHWKLVK\SRWKHVLVWKHOXPLQHVFHQFHRIDEDQGWKHLUSDUHQW
FRPSOH[ >,USS\GHHE@>3)@ ZHUH UHFRUGHG LQ 7+)ZDWHU PL[WXUH ZLWK GLIIHUHQW
ZDWHUIUDFWLRQIZWKHFRQFHQWUDWLRQRIWKHFRPSOH[LQWKHPL[WXUHNHSWFRQVWDQWDW±
07KH3/LQWHQVLW\RIEDQG>,USS\GHHE@>3)@GHFUHDVHVDVWKHFRQFHQWUDWLRQ
RIZDWHULQFUHDVHV)LJXUH6DQG6VXJJHVWLQJWKDWWKH\FRXOGQRWHIIHFWLYHO\IRUP
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WKHDJJUHJDWHVLQWKHPL[WXUHDQGWKHLQFUHDVHGVROYHQWSRODULW\LQ7+)+2PL[WXUH
OHDGVWRDQLQFUHDVHRIWKHUDWHRIQRQUDGLDWLYHGHFD\  
$VHYLGHQWIURP)LJXUHFRPSOH[DVKRZVZHDNHPLVVLRQLQSXUH7+)ZKLOHWKH
HPLVVLRQLVDOPRVWFRPSOHWHO\TXHQFKHGLQIZRI7KLVSKHQRPHQRQLVDWWULEXWHG
WR WKH WZLVWHG LQWUDPROHFXODU FKDUJHWUDQVIHU 7,&7 HIIHFW LQ WKH JUDGXDOO\
VWUHQJWKHQHG VROYHQW SRODULW\ LQ 7+)ZDWHU PL[WXUH ZLWK D KLJKHU IUDFWLRQ RI SRODU
ZDWHU&RPSDUHGWRWKHHPLVVLRQERWKLQVROXWLRQDQGQHDWILOPWKLV7,&7HIIHFWLV
DVVLJQHG WR WKH 0/&7 HPLVVLRQ $V IZ ZDV LQFUHDVHG WR  WKH 3/ LQWHQVLW\ LV
GUDPDWLFDOO\ HQKDQFHG FRQFRPLWDQW ZLWK DQ REYLRXVO\ EOXHVKLIWHG HPLVVLRQ ZKLFK
IROORZVWKHEOXHVKLIWREVHUYHGLQQHDWILOPV)LJXUH7KHHPLVVLRQLQWHQVLW\SUHVHQW
WKHPD[LPXPOHYHODWQPDVIZSURPRWHG WRZKLFK LVDERXWIROGKLJKHU
WKDQWKHHPLVVLRQLQWHQVLW\LQSXUH7+)7KLVUHVXOWFDQEHDWWULEXWHGWRWKHDJJUHJDWH
IRUPDWLRQGXHWRWKHGHFUHDVHGVROYDWLQJDELOLW\RIWKHDTXHRXVPL[WXUHDQGWKHORZHU
LPSDFW RI WKHSRODULW\ RI VROYHQW RQ FRPSOH[ D&RQFRPLWDQWO\ WKH URWDWLRQ RI WKH
SKHQ\OULQJVRIPHVRJHQLFPRLHW\ZDVJUHDWO\UHVWULFWHGLQWKHDJJUHJDWHVWDWH:KHQ
IZZDVLQFUHDVHGWRDVKDUSO\GHFUHDVHGHPLVVLRQLVREVHUYHGZKLFKLVDWWULEXWHG
DFFRUGLQJWRSUHYLRXVUHSRUWVWRWKHDJJUHJDWHVUHDFKLQJDODUJHVL]HDQGVHGLPHQWLQJ
,QDGGLWLRQWKHYLYLGHPLVVLRQLPDJHV)LJXUHDDQG)LJXUH6XQGHU89LUUDGLDWLRQV
DOVRGLUHFWO\ VKRZWKH$,(SURFHVV7KHDEVHQFHRI$,(ZLWKE LVDWWULEXWHG WR WKH
KLJKHUVROXELOLW\LQZDWHURIWKHWULHWK\OHQHJO\FROFKDLQVFRPSDUHGWRWKHKH[\OOLQNHU
RI D$V D UHVXOW DJJUHJDWLRQ LV SUHYHQWHG LQ E HYHQ ZLWK WKH ZDWHU LQVROXEOH
PHVRJHQLFJURXSV$V WKHSDUHQW FRPSOH[ZLWKRXWPHVRJHQLFJURXSVDOVR ODFNV$,(
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SURSHUW\LWGHPRQVWUDWHVWKHLPSRUWDQFHRIWKHVHSHQGHQWPHVRJHQLFJURXSVWRREWDLQ
$,(LQDGGLWLRQWRWKHFUXFLDOFKRLFHRIWKHOLQNHU  
7RVKRZWKHLQFUHDVHGDJJUHJDWLRQRILULGLXPFRPSOH[HVLQ7+)ZDWHUPL[WXUHZLWK
LQFUHDVHG ZDWHU FRQWHQW scanning electron microscopy 6(0 ZDV FDUULHG RXW RQ
VDPSOHVZLWKIZRIDQGDVVKRZQLQ)LJXUH67KH6(0LPDJHVGLVSOD\RQO\
IHZVPDOODJJUHJDWHV IRUWKH IZRIVDPSOHZKHUHDVPXFK ODUJHUDJJUHJDWHVDUH
REVHUYHGLQWKHIZRIPL[WXUH7KHVHPLFURPHWHUVL]HGDJJUHJDWHVFDQDOVRH[SODLQ
WKHGURSLQOXPLQHVFHQFHDWDVWKH\ZRXOGVHGLPHQWDWWKHERWWRPRIWKHYLDO 
3RODUL]HGHOHFWUROXPLQHVFHQFHSURSHUW\ 
To JHW insight into the polarized EL properties of these metallomesogens, both 7a 
and 7b were used as non-doped emitter in OLEDs. Generally, the linear polarized 
OLEDs employed an aligned film as the emitter, which plays a critical role to achieve 
the polarized light. So far, various methodologies have been devoted to achieve the 
aligned emitting layer. For example, mechanical stretching, friction-transfer technique, 
Langmuir-Blodgett (LB) technique, liquid-crystal self-organization and rubbing and 
annealing.4,54,55 In this contribution, we mainly explored the effect of rubbing and 
annealing on the polarized emission. The detailed procedures and device configurations 
are listed in Experimental Section. 
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Figure 5 EL spectra from devices I, II, III and IV at 10 mA/cm2 after a linear polarizer at two 
orthogonal directions (vertical: parallel to rubbing direction; horizontal: orthogonal to rubbing 
direction): (a) 7a in device I; (b) 7a in device II; (c) 7b in device I; (d) 7b in device II; (e) 7a in 
device III; (f) 7a in device IV; (g) 7b in device III; (h) 7b in device IV. 
Initially, two configurations without and with an electron transporting layer (ETL) 
were tested: ITO/PEDOT:PSS/PVK/Ir complex/Ca/Al (device I) and 
 25 
,723('2736639.,UFRPSOH[%3<030&D$O GHYLFH ,,. In these cases, the 
emissive layer was simply spin-coated onto the hole-transporting layer of PVK without 
receiving any specific treatment and B3PYMPM was deposited as the ETL. 
The EL spectra were measured with a polarizer placed at two orthogonal directions, 
noted horizontal (hor) and vertical (ver) (Figure 5). All the EL spectra showed a red 
broad emission at about 640 nm but for 7b in device II, which displayed a red-shifted 
spectrum peaking at 707 nm,56 which could be attributed to electroplex emission 
between7b and the ETL because of the different emission of the mixture of complex 
7b and the ETL. For 7a, no polarization of EL was observed in device I as the two EL 
spectra, horizontal and vertical, are perfectly superimposed (Figure 5a), while a minor 
polarized EL was observed in device II (Figure 5b). 7KH (/ dichroic ratio (R) LV
FDOFXODWHG IURP WKH UHODWLRQ RI ܴா௅ ൌ ܫ̴ ܫᇼΤ  WR EH  ZKHUH ܫ̴DQG ܫᇼ DUH WKH
PD[LPXPLQWHQVLWLHVRISDUDOOHODQGSHUSHQGLFXODUWRWKHUXEELQJGLUHFWLRQ Conversely, 
7b exhibited polarized EL emission with R of 1.4 and 1.2 in device I and II, respectively. 
Even so, both the devices performances are dissatisfied, probably due to the very poor 
carrier transfer property and absent host matrix. $VVKRZQLQ7DEOH6(6,GHYLFH
II based on complex 7a/or 7b displayed better device performance than that of device 
I, owing to the additional ETL layer. The device based on complex 7a showed a highest 
external quantum efficiency (EQE) of 0.85 % in device II. 
In an attempt to further improve the dichroic ratio, two approaches were tested to 
align the emissive layer using the configuration of device II. One approach was to rub 
the PVK layer, and then the emissive layer was spin-coated onto the rubbed PVK film. 
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The other approach was to rub the emitting layer directly. The configurations of both 
devices are therefore ITO/PEDOT:PSS/PVK(rubbed)/Ir complex/B3PYMPM/Ca/Al 
(device III) and ITO/PEDOT:PSS/PVK/Ir complex(rubbed)/B3PYMPM/Ca/Al (device 
IV). 
The treatments had only little impact for 7a, as both devices III and IV showed a 
polarized EL emission with R of only 1.2 and 1.1, respectively (Figure 5e and 5d). 
Rubbing the PVK layer had even a detrimental effect for 7b as the EL was not polarized 
anymore (Figure 5g). In contrast, 7b in device IV showed a distinctive polarized EL 
emission with the highest R of 4, which is significantly higher than achieved with other 
devices. This result demonstrates that a rubbed emissive layer is an effective method 
for achieving linearly polarized electroluminescence. Notedly, the device IV of 7b 
shows relatively weak polarized EL at ca. 635 nm along the horizontal direction, 
whereas more intense, red-shifted EL (ca. 675 nm) was observed along the vertical 
direction. This implies that the rubbing could have an effect on the exciplex emission 
or electroplex emission. On the other side of the coin, rubbing on the emissive layer has 
an obvious adverse effect on the device performance. Complex 7a based device III 
possesses a EQE up to 1.1 % while there is only 0.04 in device IV, may be due to the 
destroyed emissive layer. Although the efficiency of the OLED devices as well as 
polarization ratio are very modest to be practically useful, this research demonstrates 
that cyclometalated iridium complex based luminescent metallomesogens can be used 
as an emitter in OLEDs. 
&RQFOXVLRQV 
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In summary, two novel phosphorescent, ionic, liquid-crystalline iridium complexes, 
7a and 7b, have been synthesized and studied. Both complexes showed stable 
enantiotropic mesophase. The complex containing the WULHWK\OHQHJO\FRO OLQNHU E
SRVVHVVHGORZHUPHOWLQJSRLQWDQGFOHDULQJSRLQWWKDQWKHFRPSOH[ZLWKDQDON\OFKDLQ
DVWKHOLQNHUD,QWHUHVWLQJO\DGLVSOD\HGDJJUHJDWLRQLQGXFHGHPLVVLRQSURSHUWLHV
ZKHQ ZDWHU ZDV DGGHG WR D VROXWLRQ RI WKH FRPSOH[ LQ 7+) %HFDXVH RI WKH
WULHWK\OHQHJO\FROOLQNHUELVWRRVROXEOHLQZDWHUWRIRUPDJJUHJDWHVDQGUHPDLQHG$,(
VLOHQW 'HOLJKWIXOO\ E JDYH polarized electroluminescence with a promising 
polarization ratio of 4 when the emissive layer was mechanically rubbed. However, the 
devices using the analogue 7a displayed little to no polarization. This difference of 
behavior is attributed to the lower melting and clearing points of 7b, which ease the 
alignment of the complexes during the rubbing process.  
'HVSLWHWKHORZOXPLQRXVHIILFLHQFLHVZKLFKQHHGIXUWKHULPSURYHPHQWto the best 
of our knowledge, this prototype is the first example of directly polarized 
electroluminescence based on phosphorescent iridium complexes. Importantly, this 
work demonstrates the importance of the linker to obtain phosphorescent 
metallomesogens with desirable properties and future work aims at developing new 
materials with finely engineered linkers allowing for both AIE and good polarization 
ratio in a single complex to improve the performance of the devices.  
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